AC NO: 5164
DATE:  spupm

ADVISORY
CIRCULAR

DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATIOON

SUBJECT: wwx=s, SLUSH AND SNOWON THE RUNVAY

1. PURPOSE. This advisory circular is issued to provide information,
ghiideflimes, and recomendations concerning the operation of turbojet aircraft
when water, slush, and snow are on the runway.

2. CANCELIATION. AC 91-6,dat ed January 21, 1965,i s cancel ed.
3¢  RACKGROUND.

a. FEarly in the operation of turbojet aircraft, it was deternined that
adj ustment factors should be applied to the takeoff data in order to fibfitw
tain the aircraft performance requirements as specified in the S&822 series
of the Gvil Air Regulations and the Federal. Aviation Regulations when water,
slush, and/or snow are on the runway. The first test, using a Boeing 707
airplane, with slush depth of 6/10 inch on the runway, showed that retarda-
tion of acceleration on takeoff was of such consequence that an of fl oad
fromthe maxi mum gross weight should be made for a critical field length

b In August 1961, further slush tests were conducted at the Nationa
Aviation Facilities Experinmental Center (NAFEQ) by the Federal Aviation
Agencyy APationall Aeronautics and Space Adm nistration using the agency's
Convai r 88Q0/22M type transport. The test was designed to obtain data
regarding the retardation effects of slush and the effects of aquaplaning
on the aircraft% takeoff performance, as well as aircraft control problens
and damage encountered when operating in a runway slush enivizomnmesit .

c. The tests at NAFEC were conducted on a sl ush covered section of a
10,000-feett r unway at depths of O to 2.0 inches and at velocities of 80 to
160 kndtes. The retardation forces measured from the deceleration data were
considerably greater than those predicted from earlier wheel and tire drag
tests and theoretical studies which neglected the factors of slush sptay
inpingenent anath niifjg. | Npi ngenent of sl ush against the aircraft and
| andi ng wheel s contributed significantly to slush drag forces. At
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vel ocities above 120 knots, aquaplaning occurred and as a result, drag
forces were reduced

4, QU DELINES AND RECOWMENDATIONS. The follow ng guidelines and recommen-
dations are provided for those situations where an aircraft takes off on
runways with standing water, slush, and/or snow

a. Takeoffs should not be attenpted when standing water, slush, or wet
snow greater than L/2 inch in depth covers an appreciable part of the runway.

by The Federal Aviation Regulations concerned with an aircraft's take-
off and landing perfornmance and airplane flight manual requirenents are
predicated on clean, dry runways. Therefore, certain adjustnment factors
shoul d be applied to the takeoff data when operating in wet snow, slush, or
standing water in depths up to 1/2 inch

¢. Mny aircraft manufacturers have provided, in appropriate aircraft
manual s, adjustnment factors to be applied to the takeoff performance data in
the FAA-approved flight manual for varying runway conditions. These adjust-
ment factors may include an increase in the required runway for takeoff, a
penalty in runway linited weight, and adjustment to the Vi speed. The
adj ustment factors fetr the runway conditions specified in the applicable
operators* manual or flightcrew operating manual shoul d be considered when
determning takeoff performance for takeoffs being conducted with water,
slush, and/or snow on the runway.

d, At the present time, there are no validated engineering data avail -
able on which to establish accurate adjustnent factors; however, a consider-
abl e anount of information and experience has been accunulated and is
available to operators. The follow ng tables show exanples of adjustnents
currently being used by operators which are consistent with tests conducted
by the agency, These tables have been extracted from the manufacturers'
ai rpl ane operators nmanuall/fliightetrew operating manual as exanples of the
adj ustment factors to be applied for takeoff with water, slush, and/or snow
on the runway.

B-721
‘ T/L, INCH SLUSH CORRECTIONS
RUNWAY | _WEIGHT REDUCTION — LB (KG) _ ‘ VL _REDUCTION - KIS - |
LENGTH FLAPS 5 FLAPS 15 FLAPS 20, 25 20, 25
FT S.L. 00O S.L. OO0 S.L. 000 ~S.L. |
000 12000 12600 15000 14,000 16000 | 15
? (5500) (g& (qo00) | (6500) |_(7500) (70005i )E 33 .
5 T7000 (3000]
7000 | (6500) | (6000) | (8000) | (7500) ) | oot | 30
17000 15 TEOO0 ;_?mm-—m-
F000 (7500 7000 ) (8000) 9500) (9000) | __ 29 &
1 1 20000 2L,000 22000
1 00) ®210000) | (9000) | (10500) | (20000) | _ 28
(l ) (me? (2zx? - - 2
8000 11000 10000 _ =
el
FI GURE 1

(See appropriate aircraft flight manual for the correct information.)
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B-727
1/2 INCH SLUSH CORRECTIONS
RUNWAY | WELGHT REDUCTION ~ LB (XG _ v ON - KTS
LENGTH FLAPS 5 FLAPS 15 FLAPS 20, 25 FLAPS FLAPS 20, 2
FT S.L. gooo S.L. 000 S.L. 4000 ¢ | S.L. L. § 4000
5000 22000 Q
{9500) | (: 10000 4’ 29 M1l 27 26
11000 12 (11500) | | 26 5| > 5
9000 [ {2 30000 28000
) ] (313500) | (312500) | __ | 26 5| > 2
(312000) (3 ' %gn;_ 6 | 2 2
20 14500 13 —1] =2 5
30000 _ _
(135w) 26 26 = =
FI GURE 2
(See appropriate aircraft flight manual for the Correct information.)
B-737
1/l INCH SLUSH OR STANDING WATER DEPTH
— GROSS WEIGHT REDUCTION 1B =\
FLAP_POS T 2 5 10 < AWPN 25
PRESS ALT SL____LOOO SL___ LOOO SL___LOO0 SL___L0o0 T ST\ A0 SL___ LOOO
4 g e 200 3200 | 2300 3200 | 1800 3000 | 1600 ~g700 | 1500 S0 | 1500 2500
=a 90 3500 4300 3400 4100 3400 3700 3300 3000 3900 2800 3900
Aﬁgg 100 4500 5400 | 4500 5100 4500  L900 LLOO 4300 4900 4200 4900
ggg Al 110 | 5700 6700 | 5500 6700 | 5200 5200 00 | 5100 6100 | 4700 6100
S 4 g] 15| 6100 7300 | 6100 7300
[ FTaP 505 T L it
ST LOO0 SL___ LO00
i) 80 w 5300 6600 | 4800 6400 | 4500 6000 | 4300 5600 | 4200 5900
e 90 00 9000 | 7300 8600 | 7100 8400 | 6800 8400 | 6300 8300 | 6300 8300
g 100 | 9400 11200 | 9300 10900 | 9200 10700 | 9000 10400 | 9000 10400 | 9000 10400
110 | 12200 13900 | 12100 13500 | 12100 13400 | 12000 13200 | 12000 13000 | 12000 13000
= =| 115 | 13200 15000 | 13000 15000
FI GURE 3
(See appropriate aircraft flight manual for the correct informtion.)
NOmE: For takeoffs in slush or standing water, reduce the normal runway

linmted takeoff gross wefight b%
The wei ght reduction figures sho

condition ea all-engine operating performance.

Par 4

the appropriate amount shown in Figure 3.
wn in Figure 3 reflect the effect of rumwgy

(FILI = field length)
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MAXIMUM GROSS WEIGHT AT BRAKE RELEASE FOR V1 =
[~ olush Alrport
Depth Altitude 7,000 Ft.
1/ Sexa Leredl 144,000
(65#&&
L4000 Ft. P
’
é @ 172,000 230,01 & *
% (78,000) 04, 390)
= 4000 Ft —_ 170,000 225,000 *
(77,200) (102,000)
o FI GURE 4

(See appropriate aircraft flight manual for the correct information.)

* Not Vneg Limted
NOEE: See B-707 (perations Manual for V§ speed reductions.

B-T47
.25 IN (.6LCM) SLUSH 5 IN SLUSE ICE
RUNWAY WEIGHT v, WEIGHT B WELGHT V1
LENGTH REDUCTION REDUCTION REDUCTION REDUCTION (JREDUCTION

FT__| LB(KG) KTS LB(KG) KTS KTS
8000 | 109000 (49,440) 41 73,000 (33, 41 ; 41
9000 47000 221,3202 3 y000 (32,6 30 46
10000 47000 (21,320 3 ,000 (33,57 27 25000 36
L7 20) 3 »000 (35,380 26 25000 (11,340) 34
L7 ) 28 78,000 (35,380 25 25000 11,3ao; 32
L7 2I,320) 28 78,000 (35,380 l 2l 25000 (11,340 29

FIGURE 5

(e apprgprizte aircraft flight manuall for the correct information.)

NOEE 1: In all applicable cases) V4 reductions are based on niniifm V} egual

to .
NOTE 2: WVneg is based on actual anbient conditions.
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DC-10

SLUSH OR WATER DFFTH = 1/ INCH
WELGHT REDUCTION (2000 3B)
FLAP TAKEOFF FIELD LENGTH !FEET).
SETTI!;IG 6,000 7,000 8,000 9,@ 10,000 11,000 12,000 13,000 14,000
50 -3 23 3k -39 ) 55 A =50 =50
100 -2 -33 -39 -3 -5 45 €\
15 -26 =35 -40 Ly -45 -45
20 =30 =37 =41 =43
v, REDUCTION (K1AS N
RUNWAY mcm_pg_x.% LENGIH \d ,
SaiE 6,000 7,000 8,000 9,000 10,000 3000 12,000 13,000 14,000
+1% =2 =, =25 = - 28 =29 =30 31
0 -2l -26 -32 -33 =34
-1% =27 =29 36 37 39
FLAP _
SETm)«G 6,000 7,000 12,000 13,000 14,000
QIEG
50 =35 =L =L, =L =&
100 -39 =56 -61 -62 -62 -62
15 -41 -57 -60 -1 1 -6
20 -5 0 58 —60
V, REDUCTION (KIAS)
m%_ FEELD ) | I —
S?%’E 760 | 8,600 D99 10,000 | - 11,000 10001 13,000 | IL&IOO
+1% ?-17 =19 ~21 22 =2, =26 =27 =27 =28
0 =19 =21 =23 -2l =26 -28 =29 =30 =31
14 21 -23 =25 =27 =29 =31 =32 =34 =35
FIGURB 6
(See appropriiate aircraft f|ight manual for the correct information.)
NOTE : The above performance infarvedtiiom charts are only sanples and shoul d

not be used in conputing takeoff data. Al perfornance data shoul d be

obt ai ned fromthe appropriate charts in the nanuffacttursssd® operattiionss /11 x8tt—
crew opéaratmg manual for the specific nodel, engine power, and type aircraft
oper at ed.
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e. The operations manual of the aircarrierand comercial operator or
other appropriate documents for general aviation aircraft should include
SEec.i fic instructions for the flightcrewoneachtype of turbojet aircraft
showing the gross weight reduction, Vh speed adjustments, and/or additional
runway |ength required for the conditions described. These instructions

shoul d outline details of the methods to be used in determning runway
condi tions at departure tine.
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